Objectives: Diabetes mellitus (DM) is a chronic disease characterized by hyperglycemia, and the prevalence is rapidly increasing worldwide. Preptin is a novel molecule with a metabolic effect that is secreted from pancreatic beta cells along with insulin. There are currently few studies about preptin in patients with type 2 DM (T2DM). This study was designed to observe differences in the plasma preptin level in patients with T2DM in comparison with a control group. Methods: The study included 82 patients with T2DM (mean age: 49.00±5.97 years; 42 females, 40 males) and 65 healthy individuals (mean age: 41.98±5.62 years; 31 females, 34 males). The patients with T2DM were divided into 2 groups: those newly diagnosed and those previously diagnosed and in treatment. The previously diagnosed group was further separated into 2 groups based on their glycated hemoglobin (HbA1c) level: a well-controlled DM (HbA1C value <7%) group and a poorly controlled DM (HbA1C value >7%) group. The chemistry parameters were analyzed with an Advia 1800 analyzer (Siemens Healthineers, Erlangen, Germany), and hormonal parameters were analyzed with an Immulite 2000 analyzer (Siemens Healthineers, Erlangen, Germany). Plasma preptin levels were measured using the enzymelinked immunosorbent assay method. Results: Patients with newly or previously diagnosed T2DM had significantly higher glucose, HbA1c, insulin, homeostatic model assessment of insulin resistance (HOMA-IR), total cholesterol, triglyceride, low-density lipoprotein cholesterol, and preptin values (p<0.001 for each), and significantly lower high-density lipoprotein cholesterol levels compared with the control group (p<0.001). The preptin level demonstrated a positive correlation with insulin, HOMA-IR, HbA1c, and glucose levels (for control group: r=0.452-p=0.000, r=0.472-p=0.000, r=0.389-p=0.001, r=0.286-p=0.021, respectively; for T2DM group: r=0.484-p=0.000, r=0.544-p=0.000, r=0.288-p=0.009, r=0.236-p=0.033, respectively). Conclusion: The observed correlation between preptin level and DM a suggests that this peptide may have a possible role in the pathogenesis of DM, which may be particularly valuable, given that DM is a major public health problem.
D iabetes mellitus (DM) is a chronic disease characterized by hyperglycemia, the prevalence of which is rapidly increasing across the globe. An inadequacy or deficiency of insulin or the development of insulin resistance in the presence of adequate insulin secretion is the primary root of the pathogenesis. According to International Diabetes Federation data, there were some 425 million patients with diabetes worldwide in 2017, and this number is estimated to reach 629 million by 2045 [1] [2] [3] . As the numbers suggest, diabetes is considered a major public health issue.
Preptin was first discovered in 2001 in rat experiments. It is a peptide hormone consisting of 34 amino acids which is secreted along with insulin from the pancreatic beta cells [4, 5] . As an endocrine peptide, preptin is thought to activate the insulinlike growth factor receptor 2 (IGF2R), and as a result, induces calcium-dependent insulin secretion in association with protein C and phospholipase C when the glucose concentration is high [6] . In addition, preptin has insulin-like effects on bone metabolism, such as boosting cellular differentiation and the affecting the functions of osteoblasts and osteoclasts [7] .
Preptin plays a role in metabolic pathways. There is currently a very limited number of studies regarding preptin in patients with T2DM. The aim of the present study was to investigate how the plasma preptin level was different in patients with T2DM compared with healthy controls.
Materials and Methods
The study included 82 patients with T2DM (42 females and 40 males) from the endocrinology outpatient clinic of Firat University Hospital, along with 65 healthy control participants (31 females, 34 males). The diagnosis of T2DM was based on the American Diabetes Association criteria [1] . Patients with T2DM were categorized in 2 groups: those recently diagnosed with DM and those previously diagnosed and in treatment. The group of patients who had been previously diagnosed was further stratified according to glycated hemoglobin (HbA1c) level as well-controlled DM (HbA1c <7.0%) and poorly controlled DM (HbA1c >7.0%) [8] . There were 22 patients in the newly diagnosed DM group and 60 patients in the previously diagnosed/in treatment group. Among the previously diagnosed patients, 23 had good glycemic control and 37 had poor glycemic control. Forty-two of the previously diagnosed patients were using oral anti-diabetic agents (OADs), 13 were treated with an OAD+insulin, and 5 were receiving only insulin treatment therapy. The height, weight, and waist circumference of all of the study participants were measured. Body mass index (BMI) was calculated as body weight divided by the square of height (kg/ m²). Insulin resistance was calculated using the homeostatic model assessment of insulin resistance formula: HOMA-IR=[fasting insulin (μU/mL) x fasting glucose (mmol/L)/22.5]. This study was approved by the Ethics Committee of Firat University Faculty of Medicine (date 13.05.2011, session #8). All of the participants were informed about the study protocol and provided written, informed consent. Blood samples for both groups were obtained in 3 different blood collection tubes following 8 to 12 hours of fasting. One tube contained a serum separator (BD Vacutainer SST II Plus; Becton, Dickenson and Co., Franklin Lakes, NJ, USA), 1 was coated with dipotassium ethylenediaminetetraacetic acid (BD Vacutainer SST II Advance, Becton, Dickenson and Co., Franklin Lakes, NJ, USA), and 1 contained aprotinin (BD Vacutainer BD Vacutainer EDTA Aprotinin Tube; Becton, Dickenson and Co., Franklin Lakes, NJ, USA). The blood samples in serum separator tubes were centrifuged at 4000 rpm for 10 minutes, and the obtained serum was used for fasting glucose and lipid profile (total cholesterol, high-density lipoprotein cholesterol [HDL-C], low-density lipoprotein cholesterol [LDL-C], triglyceride) measurement using an Advia 1800 Chemistry System analyzer (Siemens Healthineers, Erlangen, Germany), as well as a serum insulin level measurement using a Siemens Immulite 2000 analyzer (Siemens Healthineers, Erlangen, Germany). HbA1c concentrations were measured using a Shimadzu Prominence Modular HPLC analyzer (Shimadzu Corp., Kyoto, Japan) and the ImmuChrom brand commercial kit (ImmuChrom GmbH, Heppenheim, Germany). Blood samples drawn into tubes containing aprotinin were centrifuged at 4000 rpm for 10 minutes, and the obtained plasma was aliquoted to small volume tubes and stored at -20°C until performing the preptin analysis.
The plasma preptin level was measured using the Human Preptin ELISA kit (USCN Life Science, Inc., Wuhan, China) in accordance with the manufacturer's instructions and a Triturus Enzyme Immunoassay Analyzer (Grifols, S.A., Barcelona, Spain). The minimum detection limit of preptin was 62.5 pg/ mL. The intra-assay and inter-assay coefficients of variation for plasma preptin were 3.8% and 10.6%, respectively.
The data were expressed as mean±SD. Normality assessment was performed with the Kolmogorov-Smirnov test. A chisquare test was used for nominal parameters. Comparisons between the groups were made using one-way analysis of variance with the Tukey test, and the correlation between parameters within groups was analyzed with Pearson's correlation test. P<0.05 was accepted as statistically significant. Table 1 summarizes the demographic and biochemical properties of the study groups. There was a statistically significant difference between the control and T2DM groups in the mean age, BMI, and waist circumference (p<0.001). Glucose, HbA1c, insulin, HOMA-IR, total cholesterol, LDL-C, and triglyceride levels were higher (p<0.001 for each), and the HDL-C level was lower (p<0.001) in the T2DM group compared with the control group (Table 1) .
Results
The plasma preptin levels were significantly higher in patients with T2DM than in the healthy controls (437.84±133.4 pg/mL vs. 284.77±55.49 pg/mL; p<0.001) ( Fig. 1 ).
The preptin level was not statistically significantly different between females and males in the control group (283.67±59.5 pg/mL vs. 285.76±52.4 pg/mL; p>0.05) or in the T2DM group (440.31±144.6 pg/mL vs. 435.25±122.1 pg/mL; p>0.05).
Neither was there a significant difference in the preptin level (427.45±124.7 pg/mL vs. 441.65±137.2 pg/mL; p>0.05) between the newly diagnosed DM and the previously diagnosed and in treatment T2DM groups.
When the preptin level was analyzed after stratifying patients based on HbA1c level, patients with poorly controlled T2DM had a higher preptin level compared with the patients with well-controlled T2DM (454.1±154.7 pg/mL vs. 421.7±102.9 pg/ mL), but the difference was not statistically significant (p>0.05).
In the control group, the plasma preptin level revealed a statistically significant positive correlation with insulin (r=0.452; p=0.0001), HOMA-IR (r=0.472; p=0.0001), HbA1c (r=0.389; p=0.001), and glucose (r=0.286; p=0.021) levels (Fig. 2) . In the T2DM group, the plasma preptin level also had a statistically significant positive correlation with insulin (r=0.484; p=0.0001), HOMA-IR (r=0.544; p=0.0001), HbA1C (r=0.288; p=0.009), and glucose (r=0.236; p=0.033) levels (Fig. 3) . The preptin level did not show any correlation with age, BMI, waist circumference, or lipid levels in either of the groups.
Discussion
T2DM is characterized by a disturbance in insulin secretion, the presence of insulin resistance, excessive hepatic glucose production, and abnormal lipid metabolism. In particular, visceral and central obesity are very common in T2DM. The accompanying central or visceral obesity is thought to be a part of the pathogenic process in T2DM [9, 10] . The fact that higher BMI values have been observed in diabetic patients supports this hypothesis. Insulin resistance plays an important role in the pathogenesis of T2DM, and it leads to increased insulin secretion from pancreatic beta cells in order to compensate for elevated blood glucose levels. Insulin resistance causes elevation in plasma glucose concentration as a result of the reduction in utilization of peripheral glucose and the increase in hepatic glucose production [9] . Insulin resistance in the adipose tissue results in increased lipolysis in adipocytes and fatty acid release from adipocytes, increased lipid synthesis in hepatocytes, and reduced insulin sensitivity in liver and muscle tissues [11] . In this study, we investigated the T2DM-dependent change in circulating levels of preptin, a novel peptide secreted from pancreatic beta cells. Patients with T2DM were found to have significantly higher levels of plasma preptin compared with healthy controls. To the best of our knowledge, there is only 1 previous study that examined the change in preptin level in patients with T2DM. In that study, Yang et al. [12] found higher levels of preptin in patients with T2DM compared with a control group. Higher preptin levels have also been reported in studies of patients with gestational DM and polycystic ovary syndrome [13] [14] [15] . In our study, after stratifying our diabetic patients according to the target HbA1c level of 7%, we observed higher preptin levels among patients with poorly controlled diabetes compared with those with controlled diabetes. We believe this increase occurs as a response to the elevated glucose levels. An infusion of preptin to an isolated rat pancreas was shown to increase the second phase of glucose-mediated insulin secretion by 30%, whereas an infusion of anti-preptin antibodies reduced the first phase of insulin secretion by 29% and the second phase by 26% [4] . In their 2012 study, Cheng et al. [6] found that an intravenous preptin infusion administered to rats induced a reduction in the plasma glucose level that was related to insulin secretion during glucose loading. They also reported that the effect of preptin on insulin secretion was similar to that of glibenclamide, which stimulates insulin secretion by inhibiting adenosine-5'-triphosphate-responsive potassium channels in pancreatic beta cells [6] . Similar to our research, the preptin level showed a positive correlation with insulin, HOMA-IR, glucose, and HbA1c levels in a study conducted by Yang et al. [12] . Studies of patients with gestational DM and polycystic ovary syndrome also found a positive correlation between the preptin level, HOMA-IR, and the insulin level [13, 15] . Bringing all these data together, we think that preptin is directly related to glucose-mediated insulin secretion. An important question is the degree of the association between preptin concentrations and the insulin that is increased in circulation due to insulin resistance in T2DM. It is still controversial whether the cause of the increased insulin level seen as a result of resistance is due to increased capacity of the pancreatic cells or stimulation of insulin secretion by preptin. A recent study found that preptin activates the IGF2R, and this finding suggests that activated IGF2R might induce calciumdependent insulin secretion at high glucose concentrations in association with protein kinase C and phospholipase C [6] . The fact that preptin has a similar effect to that of glibenclamide with regard to insulin secretion suggests that preptin analogues may possibly be used in the treatment of T2DM.
Conclusion
Further studies are needed to understand the complicated signaling pathways as well as physiological significance of preptin, particularly in humans. Our knowledge related to the mechanism of action of preptin and its role in diabetes development continues to grow. The mechanisms mentioned above, and the diabetes-associated changes observed in concentrations of preptin support the idea that this molecule plays an important role in the pathogenesis of T2DM, which is an important public health problem of the present and the future.
